exposed to either of the photoperiods for 3-5 weeks before the brain sampling for SCN slice culture. In the experiment of exposure to constant darkness (DD), Per1-luc mice (n = 15) were kept in LD 18:6 for 3 weeks, and randomly assigned to the long day or constant darkness (DD) group. The Per1-luc mice in the DD (n = 7) were subjected to SCN slice culture on the fourth day in DD. The mice kept in LD 18:6 (n = 8) were used as the control.
In the experiments of immunohistochemical analyses, Per1-luc mice (n = 4) were used for staining AVP, VIP and GRP. To visualize the retinal projection to the SCN, Per1-luc mice (n = 5) were used for an anterograde tracer injection. The mice were kept in LD18:6 for 3 weeks before subjected to the experiments. In the experiment of fluorescence in situ hybridization (FISH), C57BL/6J mice (n = 12) were purchased from a local breeder and kept in our animal quarters for exposing to LD18:6 for 3 weeks before hybridization.
SCN slice culture and bioluminescence recording. Mice were decapitated and enucleated after cervical dislocation without anesthesia between 11:00 and 15:00 h. For mice in DD the above procedures were performed under infrared light (< 1 lux). The brain was removed and chilled in ice cold Hanks' balanced salt solution, which was followed by serial slicing of the brain tissue on a horizontal plane in 100 μm-thick with a microslicer (Dosaka EM, Kyoto, Japan). The brain slice was obtained from ca. 300 μm above the bottom of the optic chiasm, which contains the anterior tip to posterior end of the bilateral SCN. The brain slice was cultured on a membrane (Millicell-CM membrane, Millipore) with 1.3 ml of DMEM containing 0.2 mM D-luciferin K and 5 % culture supplements as previously reported 3 . Bioluminescence images were obtained using one of the following CCD cameras: ImagEM (Hamamatsu Photonics, Hamamatsu, Japan) cooled down to -80 °C, iXon3 (Andor, Belfast, UK) down to -80 °C and ORCA II (Hamamatsu Photonics) down to -60 °C. Bioluminescence was recorded every hour for at least 3 consecutive days. At the end of bioluminescence recording the brain slices were fixed with 4% paraformaldehyde in 0.1 M phosphate buffer (PFA) and subjected to immunohistochemical analysis as described below.
Data analyses of bioluminescence images. The day of slice preparation for culture was designated as day 0 in culture. Bioluminescence obtain from 0:00 h on day 1 in culture was subjected to the analyses of circadian rhythm parameters, unless otherwise mentioned. The local time was used for plotting the circadian rhythms.
For the ROI-level analyses, the peak phase of circadian rhythms were determined as described previously 1 . The amplitude of circadian rhythm was defined as a difference between the maximum and minimum level of the bioluminescence rhythm. The horizontal plane of an SCN slice was divided into the anterior and posterior portions which contain approximately 60 and 40 % of the SCN, respectively. The temporal distribution of the peak phases in each ROI was examined in one hour bins and was fitted to a single or double Gaussian curve to obtain the median (μ) and variance (σ) of distribution 4 . The median and variance were calculated for each SCN slice of mice exposed to either LD18:6 or LD6:18. The mean median and variance were obtained for the circadian Per1-luc and PER2::LUC rhythms under different photoperiods (n = 5).
For pixel level analyses (pixel size, 3.7 × 3.7 μm) a time series of bioluminescence of each pixel was fitted to a cosine curve, as described previously 5 .
Briefly, the background level of bioluminescence was subtracted from the original data.
The background level was defined as the mean bioluminescence intensity of 9 pixels at the darkest corner of each image plus 5 SD of the mean. An acrophase and an amplitude (a double value of mathematical amplitude) of a best fitted cosine curve were used as the circadian peak phase and rhythm amplitude, respectively. Goodness of fitting was statistically evaluated by percent rhythm 6 at a significance level of P < 0.01. The circadian peak phase and amplitude were illustrated in pseudocolor.
For statistical comparison of the circadian rhythm parameters on pixel-level, the shape of SCN slice was normalized for each slice to obtain the mean bioluminescence image. The shape of SCN image in each slice was geometrically transformed into the shape of template SCN slice which was selected beforehand. Eight reference points were placed at the margin of the bioluminescence (Fig. 4a) . Immunohistochamical signals were examined by fluorescent microscopy (BZ9000;
Keyence, Osaka, Japan).
To know the structural relationship between the region D and the terminals of the retinohypothalamic tract, an anterograde tracer of cholera toxin subunit B (CT-B) labeled with Alexa 594 (Molecular probes, C-22842) was injected into the bilateral vitreous bodies of Per1-luc mice via the sclera under ether anesthesia (n = 5). The mice were returned to their home cage for 48 h 10 , and horizontal SCN slices were prepared as described above. The slices were placed in glass bottom culture dish and subjected to fluoromicroscopic observation of CT-B. Then the slices were transferred to culture dish and subjected to the bioluminescence imaging for more than 3 days. Finally, the slices were fixed with PFA for immunohistochemical analysis. Statistical analyses. Statistical analyses were performed using Excel Tokei 2012 (SSRI, Japan). A one-way ANOVA with a post-hoc Tukey-Kramer test was used to evaluate differences in the same condition. A two-way ANOVA with a post-hoc Tukey-Kramer test was used to evaluate difference among different conditions. Bartlett's test was performed prior to ANOVA to confirm the variance among groups were equal. Two-sided Student's t-test was used to evaluate difference between two groups in the pixel level analysis. 
